Here we report a 33-years-old woman with hereditary spherocytosis and hemochromatosis due to homozygosity for the C282Y mutation of the HFE gene. The coinheritance of both conditions led to severe iron overload and liver cirrhosis at young age. The patient was treated by repeated phlebotomy, and reversibility of cirrhosis was documented by transient elastography. This report discusses the pathophysiology of iron accumulation in patients with hemolytic anemia combined with HFE C282Y homozygosity. The case indicates that patients with hematological disorders characterized by increased erythropoetic activity should be screened for HFE mutations.
INTRODUCTION
Hereditary spherocytosis (HS) is a common disorder characterized by corpuscular hemolytic anemia of varying severity with increased red cell osmotic fragility and presence of spherocytes. In Western Europe, the estimated prevalence of HS is about 1 : 5,000 [1] . The molecular basis of HS is an inherited deficiency or dysfunction of one of the proteins of the erythrocyte membrane: ankyrin, anion exchanger 1, α-spectrin, β-spectrin, or pallidin (protein 4.2) [2] . These proteins connect the membrane skeleton to the lipid bilayer. Anemia, jaundice and splenomegaly are the most common clinical features of HS. Most affected individuals present with dominantly inherited mild or moderate forms; severe HS occurs in approximately 5% of cases [3] .
Hereditary hemochromatosis is an autosomal recessive disorder that is due to the C282Y mutation of the HFE gene in most patients [4] . The mutation causes dysregulation of iron homoeostasis and an increase of intestinal iron absorption. The clinical manifestations are related to excessive iron deposition, particularly in liver, heart, pancreas, and pituitary gland. Hereditary hemochromatosis represents one of the most common inherited diseases in Caucasian populations in the United States and Western Europe, with a frequency of about 5 per 1,000 (0.5 percent) for the homozygous carrier state [5] .
Hemochromatosis in combination with spherocytosis was first described by Lawrence in 1949 [6] . About 20 cases with iron overload and HS have been reported since [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] . Here we report a case of a young woman with coinheritance of HS and genetically proven hemochromatosis. The two conditions led to severe iron overload and liver cirrhosis at young age.
CASE PRESENTATION
The 33-years-old woman with mild hemolytic anemia presented with severe iron overload in March 2003. Her blood tests revealed a transferrin saturation of 90%, a serum iron level of 2,070 µg/l, and a ferritin level of 2,920 ng/ml. There was no history of prolonged iron intake, blood transfusions or excessive alcohol abuse. The patient reported one severe hemolytic attack with a hemoglobin decrease to 80 g/l, which was associated with viral infection in January 2003. Hematological findings at hospital admission two months later were as follows: hemoglobin 128 g/l, hematocrit 36.3%, reticulocytes 424/nl (normal range 20 -90/nl), spherocytes on the peripheral blood smear. Abnormal laboratory values included elevated total serum bilirubin (27 mg/l), elevated lactate dehydrogenase activity (314 U/l) and haptoglobin concentrations below the detection limit as signs of hemolysis as well as slightly elevated alanine aminotransferase activity (40 U/l). Abdominal ultrasound showed hepatosplenomegaly.
Based on the presence of spherocytes and increased red cell osmotic fragility, and in the absence of any other cause of the hemolytic anemia, the diagnosis of spherocytosis was established. Because of the high levels of serum iron and ferritin and the markedly elevated transferrin saturation index, we suspected coexisting hereditary hemochromatosis. The genetic analysis (PCR) revealed homozygosity for the HFE mutation C282Y, which is present in 69 -100% of patients with HH [4] .
In (Fig.  1) [18, 19] . This indicates that continuous phlebotomy over 4 years has led to regression of fibrosis, since transient elastography can exclude cirrhosis with high accuracy [20, 21] . DISCUSSION Our patient presented with a combination of HS and genetically proven hemochromatosis. These coexisting conditions led to severe iron overload and liver cirrhosis at young age. The patient suffered from a mild form of HS, hence no splenectomy was performed. Despite regular iron loss owing to her menstrual cycles, mild hemolysis and the absence of iron intake, the patient developed manifest hemochromatosis with liver damage.
In light of the recent insights into the molecular regulation of iron metabolism [22, 23] several explanations might account for the excessive iron storage in this patient. Firstly, iron absorption in patients with hemolytic anemia can be inappropriately stimulated despite massive iron overload. This results from the dominant effect of the erythropoetic demand for iron over the inhibitory signals of excessive iron stores mediated by hepcidin, which is the principal regulator of iron metabolism in humans [23, 24] . Hepcidin acts by inhibiting intestinal iron absorption and iron release from macrophages. However in the presence of systemic iron overload, urinary hepcidin concentrations are low in patients with thalassemia and congenital dyserythropoetic anemia [25] . Secondly, our patient carries the homozygous C282Y mutation of the HFE gene, which is involved in the regulation of hepcidin synthesis. It has been demonstrated that mice and humans with homozygous HFE-related hemochromatosis display inappropriately low hepatic expression and serum levels of hepcidin [26] . Moreover, overexpression of hepcidin in HFE deficient mice prevents or delays hepatic iron accumulation [27, 28] .
Only 24 cases of congenital spherocytosis associated with iron overload have been reported in the literature [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] . The association of some other hemolytic anemias, including acanthocytosis, sickle cell anemia and thalassemia, and hereditary hemochromatosis has also been described [29, 30, 31] . This case of severe iron overload and liver damage in a young female with coexisting HS and hereditary hemochromatosis further supports a synergistic effect of both conditions. This is the first report to demonstrate regression of cirrhosis in a patient with HS and hemochromatosis, as documented by transient elastography. The concept that fibrosis can regress when the initial disease is controlled or cured is supported by ample clinical evidence and has been highlighted recently [32] . Of note, the reversibility of liver fibrosis was demonstrated in a recent study of 36 patients with hemochromatosis undergoing phlebotomy [33] : regression of fibrosis of by at least 2 METAVIR units was observed in 69% of patients with F3 fibrosis and 35% of patients with cirrhosis. Thus, screening for hemochromatosis is recommended in all individuals with increased erythropoetic activity. 
